A homicidal shooting with an air gun is reported. The history, mechanisms of action, and crime scene implications of air guns are discussed. The wounds produced by air guns are compared to those produced by powder firearms.
A lthough air guns have been around for hundreds of years, 1 deaths from these weapons are rare. Indeed, when air guns are mentioned, most people in the author's experience are likely to quote from A Christmas Story, ''You'll shoot your eye out!'' 2 This, of course, may just reflect the local popularity of the movie that was filmed in Cleveland, but a review article in Pediatrics in 1997 was subtitled More Than Meets the Eye. 3 In the past 150 years, records of the Cuyahoga County Coroner's Office reveal no nonpowder firearms deaths, homicidal, suicidal, or accidental, aside from this case.
We report the case of a 10-year-old boy who was shot with an air rifle in a drive-by shooting. This case is unusual both because of the weapon used and the anatomic location of the fatal wound. Most fatalities from air guns are due to penetrations of the cranial cavity via the openings in the facial skeleton and other anatomically favorable areas of the head. 1,4Y6 This patient died of a thoracic wound.
We review the history of air guns, explore the 3 mechanisms of action of nonpowder firearms, examine the crime scene implications, and review the literature of pertaining to these weapons.
CASE REPORT
R.B. was in the company of friends in the parking lot in front of his family's place of business. A vehicle drove by on the street, and a shot was fired. R.B. was struck and attempted to run toward the building for assistance but collapsed. Emergency medical services and police were called, and the victim was transported to Euclid Hospital in full cardiopulmonary arrest. He was pronounced dead after arrival and was taken to the Cuyahoga County Coroner's Office. An autopsy was performed the following day.
Postmortem examination revealed a 64-in-tall preadolescent white male, weighing 90 lb, with a 0.125-in-diameter circular gunshot wound with a 0.125-in-circumferential marginal abrasion in the left back centered at a point 47.5 in above the left heel and 3.5 in to the left of the posterior midline. There wasno soot or stippling around the wound (Fig. 1 ). There was no evidence of an exit wound. The body underwent radiography ( Fig. 2 ), but no bullet was seen on the radiograph. A round radiopaque density was seen in the left side of the diaphragmatic gutter ( Fig. 3 , arrow). This was originally mistaken for an electrocardiographic lead, but the electrocardiographic leads were subsequently identified on the radiograph, and this density did not correlate with any of them.
On opening the body, there was a 1000-mL left hemothorax. A spherical copper-colored pellet was found in the left side of the diaphragmatic gutter ( Fig. 4 ). After perforating the skin and subcutaneous tissue of the left side of the back, the pellet sequentially perforated the eighth intercostal interspace, the lower lobe of the left lung, and the pulmonary vasculature. It then struck but did not penetrate the left ventricle of the heart and came to rest in the left diaphragm. There was a small, circular bruise on the left ventricular myocardium that was barely visible to the naked eye but did not photograph well at all.
DISCUSSION
Firearms are projectile weapons that use the rapid expansion of pressurized gases to propel a projectile. However, whereas conventional (or powder) firearms use the rapid combustion of gunpowder to make the gases that propel a projectile, nonpowder firearms use compressed gas. They may use compressed air, carbon dioxide, or even the products of combustion from volatile organic compounds like diethyl ether, as in the Weihrauch Barakuda EL54 ether-injection air rifle. The term nonpowder firearm is thought by the author to be most inclusive. The very first air guns were blowguns, powered by forceful exhalations. 1 Some examples are still used in New Guinea and Africa. The fertile imagination of Leonardo da Vinci devised steam-powered cannon. 1 da Vinci's device was a thought experiment and never led to more than a drawing. However, by the end of the 1700s, advances in metallurgy and design made nonpowder firearms practical for military use. The Austrian army obtained 1500 0.54 caliber-repeating air rifles in 1789, which saw service for 3 decades. 1, 7 These weapons were supplied with several interchangeable air reservoirs, and each air flask was good for 30 shots. A similar 0.34 caliber air rifle was taken by Meriwether Lewis when he explored the Louisiana Purchase with the Corps of Discovery. 1 When compared to the muzzle-loading gunpowder firearms of the early 1800s, these air rifles had several virtues. Lewis noted that his was quieter, with no flash and smoke, and was less apt to scare game. 1 The rate of fire was higher than that of muzzle-loading powder firearms, and there was no cloud of smoke and flame, so apparent when a black-powder weapon is fired. The Austrian weapons were developed by a watchmaker, Bartholomaüs Girandoni. 1 The Girandoni design uses compressed air released from a pressure reservoir via a needle valve. The original military weapons were repeating weapons; they carried 20 projectiles in an integral tubular magazine. These 20 rounds could be discharged in the same span of time a soldier using a muzzle-loading musket could fire 3 shots. Speed and silence were outweighed by the mechanism's complexity. It required a significant amount of precision hand work to construct; the valves were delicate and easily damaged by dirt and rough handling. Girandoni was originally a watchmaker, after all. These fast, quiet, but expensive and delicate weapons did not hold up well under combat conditions. Air guns found more use in the civilian market. Hunting is less strenuous than combat. A quiet, repeating weapon gave a hunter a significant advantage in stalking and the chance to take multiple shots. In particular, poachers preferred using a quiet weapon. Expense was still an issue; these weapons required a lot of precision handwork to construct. The expense precluded widespread use, but they became more practical in situations where stealth and limited power were advantageous. One may practice with an air gun in a basement and not have to worry about the projectile penetrating the walls.
Air guns for hunting were available in Victorian Britain. In Sir Arthur Conan Doyle's Adventure of the Empty House, 8 the villain Colonel Sebastian Moran used an air gun to kill the Honorable Ronald Adair and to attempt to kill Sherlock Holmes.
Even in fiction, it was noted that an air gun would have a quieter report than a weapon using gunpowder.
BB guns and other air rifles were common children's toys in the early 20th century and were used for plinking, exhibition shooting, and hunting small animals such as grasshoppers, frogs, pigeons and rabbits. The author's relatives used their BB guns in and around Coraopolis, Penn, to earn money killing pest birds in the local field and to bring home meat for the family. Air guns were considered to be weapons appropriate for a youth to learn gun handling skills. Air guns were used to train recruits to become aerial gunners in World War II. In the early 21st century, the Airsoft Company developed realistic-appearing air guns that are being used in live fire exercises for training security and police personnel in an urban setting. 9 Air guns allow realistic training with less noise, danger, chances of annoying the neighbors, and less cost.
Many manufacturers of nonpowder firearms are European, such as Diana (Germany) or Webley (UK). 10, 11 Germany and the United Kingdom have taken the lead in manufacturing nonpowder firearms. There are fewer restrictions on the ownership of air guns in Europe. There is a long-standing European tradition of hunting with air weapons; Europe is much more densely populated when compared to the United States. Air guns have a shorter effective range and are less lethal than powder firearms. 
Mechanisms of Action of Nonpowder Firearms
There are 3 basic types of nonpowder firearms. These are spring-piston mechanisms, CO 2 reservoir mechanisms, and pneumatic reservoir mechanisms. The one that comes to mind the first is the spring-piston gun, like the Red Ryder BB gun in A Christmas Story. In these weapons, a piston is held against a compressed spring by a trigger. When the trigger is released, the spring generates air pressure, sending the projectile down the barrel. This mechanism moves the same amount of air and therefore delivers the same propulsive force with each shot. The second type is the CO 2 powered weapon, where the pellet is propelled by prefilled canisters of compressed carbon dioxide. The muzzle velocity varies with the amount of gas in the cylinder and the atmospheric temperature and pressure. Therefore, the performance of this type of nonpowder firearm is the most variable. Finally, there are the pneumatic pump air guns. Some pneumatic air guns can be charged with a single pump of the cocking lever. Some need multiple pumps of the charging lever, and some have an integral reservoir that can be filled at a dive shop or other source of high-pressure air. These last weapons are analogs of industrial steam engines that would fill up their steam vessels at the local boiler house and then shunt cars around the yard. 1, 7 Usually, the spring-piston air guns shoot 0.177 caliber steel BBs and are smooth-bored. BBs may be shot in rifled barrels, but the hard metal does not grip the rifling well, and they are effectively smoothbores. Air rifles are nonpowder firearms that shoot lead pellets of small caliber. Their barrels are rifled; that is, they have been constructed with spiral grooves that grip and impart a spin to the projectile. These can have any of the described propulsion mechanisms. DiMaio 12 differentiates between ''toy'' and ''weapon'' nonpowder firearms. The toy air guns have muzzle velocities of 275 to 350 ft/s. While this velocity is sufficient to cause ocular trauma, it is not sufficient to penetrate skin. Studies using human lower extremities show that it takes a velocity of around 331 ft/s for a 0.177 caliber, 8.25 pellet to perforate skin, and 245 ft/s for a 16.5-grain 0.22-caliber pellet. 13 Studies using pig's eyes show that it takes a velocity of around 250 ft/s for a 0.177-caliber, 5.5-grain BB to reliably perforate the ocular globe 50% of the time. 14 
Mechanism of Wounding in Air Guns
Gunshots cause injuries by 2 mechanisms: the first is crushing and laceration of the tissue from the passage of the projectile itself and the second is due to radial elastic deformation when the tissue stretches as rapidly moving and rotating projectile passes through it. The first mechanism creates a permanent cavity; the second, a temporary cavity in the tissue (Fig. 5 ). 15 Projectiles from nonpowder firearms are so light and lose their velocity so quickly the mechanism of injury is solely due to tissue destruction from the projectile (Fig. 6 ). To hunt with an air gun humanely, the hunter must take head shots at small game. Most air gun wounds that come to medical attention are injuries of the ocular globe and head. 7,15Y21 Projectiles that perforate bone and enter the cranium do so via a transnasal, transocular, or transtemporal path. In other words, these projectiles enter the cranium where the bone is thinnest: in the nose, behind the eye, and through the squamous portion of the temporal bone. Because clothing has been known to trap projectiles from more powerful powder firearms, one would expect most injuries and fatalities in air gun cases to occur when there is no intermediate target.
Modern air guns are all small-caliber weapons. They are commonly chambered in 0.177, 0.20, 0.22, and 0.25 calibers (4.50, 5.08, 5.56, and 6.35 mm, respectively). The BB is the basic form of ammunition for an air gun, a metal ball (steel or lead, which may or may not have a copper wash) measuring 0.175 in and weighing, approximately, 5.5 grain. 22 The standard weight of a 0.22LR projectile is 40 grain, 23 roughly 8 times heavier. The powder firearms drive a heavier projectile at a higher velocity, leading to more energy being transferred to the target tissue.
Powder firearms use the expansion of gases created by burning gunpowder to power their projectiles. Not all the powder is burned when the weapon is fired, and a cone of gases, soot, partially and unburned powder fragments exit the muzzle of a firearm as well as the bullet. Indeed, this cone of gases can be fatal even without a projectile. 23 Depending on the type and lot of ammunition, soot travels approximately 6 in from the muzzle and powder fragments 16 to 18 in. 24 The distance from muzzle to target may be estimated by the presence and type of gunshot residue left on the body. Nonpowder firearms propel a projectile with pressurized gases that are not derived from products of combustion; so there will be no soot or stippling. Therefore, one cannot use the products of combustion to determine the range of fire; almost all wounds from a nonpowder firearm will look similar to distant wounds from a powder firearm. In rare cases, excess oil or other volatile compounds can be atomized and set alight by compression heat, as in the ether-injection air rifle mentioned earlier. This phenomenon is known as ''dieseling,'' and it may cause soot traces to appear with an air gun. It also damages the weapon. The most accurate method of range of fire and determining depth of projectile penetration would therefore be empirical testing of similar ammunition in the nonpowder firearm in question. Estimation of the range of fire would need to be determined from the crime scene and correlation of data from witnesses. In the case we are describing, the weapon was a Crossman 760 ( Fig. 7) . A projectile from this weapon penetrated nearly 0.75 in of exterior-grade plywood with 10 pumps of the cocking lever. Testing was discontinued when the weapon itself broke. Neither chronographic data nor ballistic gelatin data were obtained before the weapon became inoperative.
